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Project Overview
è Award Name: High Selectivity and Throughput Carbon 

Molecular Sieve Hollow Fiber Membrane -Based 
Modular Air Separation Unit for Producing High 
Purity O 2

è Award Number:      FE-1049-18-FY19

è Current Project Period: BP3: 08/2021 ð03/2023

è Project Manager: Evelyn Lopez

èOverall Program Goal: Development of high flux polybenzimidazoleð
derived carbon molecular sieve hollow fiber 
membranes having O2/N 2 selectivity > 15 for high 
purity O 2 production to meet the needs of a 
modular 1 -5 MWe gasification system



Air Separations
è Cryogenic distillation is the industrially preferred technique for large -scale, 

high purity O 2 production

ü Cryogenic technology is energy inefficient at small scale 

ü Scale dependent estimated specific energy consumption 23 to 63 kJ/mol

èMembrane -based air separation processes have advantages over competing 
technologies 

Ref: Meriläinen et al. / Applied Energy, 94 (2012) 285-294

ü Tailorable output stream conditions 
(T&P) to match downstream process

ü Improved energy economics

Ref: Air Products Inc. & Air Liquide Inc.

ü Inherent modularity & dramatically 
reduced footprint

O2/N2

Selectivity
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O2 Selective Membrane Material Needs
èMembrane materials: current state -of -the-art

ü O2/N 2 selectivities approaching 30 for polymer -derived 
carbon molecular sieve (CMS) membranes
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Project Objectives

èA membrane -based, modular air separation technology for high 
purity O 2 production

üDevelop CMS materials derived from PBI materials (PBI-CMS) to achieve the 
desired material transport characteristics 

üDevelop PBI-CMS hollow fiber membranes having the desired membrane 
performance characteristics 

üConduct process design and techno-economic analysis based on PBI-CMS hollow 
fiber membranes for air separation and benchmark against the industry standard 
cryogenic technology

üDesign a modular ASU with integrated peripheral equipment (e.g., blower, 
vacuum pump, compressor) for high purity O 2 production scaled to meet the 
needs of a modular gasification system



Membrane Material and Industrial Platform 
Development



è CMS membrane formation is multi -step process 

Polymer Derived CMS Membranes

Commercial 

PBI Polymer

Base Polymer

Membrane
CMS 

Membranes
Hollow Fibers Pyrolysis 

Ref. Berchtold & Singh, et.al. 2018 US Patent 10071345 

PBI Performance Products, Inc.



Tailoring Separation Performance: Pyrolysis Temperature
Temperature Profiles for Pyrolysis
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Sample
Ideal Separation Performance Estimated O2 

permeability [Barrer] O2 permeance, GPU O2/N2

PBI 0.204 1.02 0.06
CMS-580 0.303 8.44 8.48
CMS-650 3.964 8.47 99
CMS-750 0.782 13.7 16.4
CMS-850 42.3 0.90 550

Seong & Singh et.al., Carbon 192, 71-83, 2022



Achieving High Permeance
è Challenge: Mitigate HFM porous support structure collapse during pyrolysis
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